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FLEXIBLE OPTICAL WAVEGUIDES FOR 
BACKPLANE OPTICAL 
INTERCONNECTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority as a division of allowed 
U.S. patent application Ser. No. 10/799,026 ?led Mar. 12, 
2004, now U.S. Pat. No. 6,996,303 published Sep. 15, 2005, 
(Pub. No. US 2005/0201707), the entire disclosure of which 
is incorporated by reference. 

FIELD OF THE INVENTION 

This invention is related to connecting optical devices. In 
particular, the present invention is directed to a ?exible opti 
cal connector, and methods of manufacturing a ?exible opti 
cal connector, the optical connector being particularly useful 
for interconnecting optical circuit boards on an optical back 
plane. 

BACKGROUND OF THE INVENTION 

The growth of networks capable of handling high data-rate 
transfer of voice and data has increased the demand and 
performance requirements for optical networks. While infor 
mation can be transferred optically over large distances, there 
is generally a need for changing optical signals to electrical 
signals and vice versa, requiring structures and devices for 
interfacing the optical components with electrical and elec 
tro-optical components. Thus for example, optical networks 
include ampli?ers for strengthening optical beams, switches 
for routing signals, and converters for transducing, as neces 
sary, electrical and optical signals at either end of the network. 
These functions are performed by devices that include opti 
cal, electro-optical and electrical components. 

It is advantageous to use a common backplane to intercon 
nect optical and electro-optical components on two or more 
circuit boards. Such circuit boards may be designed for opti 
cal communications via the edge of the boards and may, 
therefore, include one or more edge-mounted electro-optic 
devices or edge-terminating optical waveguides. Examples of 
optical circuit boards are described in co-owned U.S. Pat. No. 
6,611,635 to Yoshimura et al., incorporated herein by refer 
ence. One requirement of a backplane for optical intercon 
necting between optical circuit boards is the need to provide 
for complex signal routing. 

SUMMARY OF THE INVENTION 

The present invention provides optical interconnect struc 
tures and methods for providing optical interconnections 
between optical circuit boards. 

In one aspect, the present invention comprises a ?exible 
optical connector suitable for use as an optical backplane for 
communicating optical signals between a plurality of optical 
circuit boards. The optical connector includes a ?exible strip 
having a plurality of waveguides formed in a plurality of 
waveguide layers for providing a plurality of optical paths 
between opposing ends of the ?exible strip, where at least one 
of the optical paths runs through at least two of the waveguide 
layers. The optical paths may include input and output ports 
near the ends of the ?exible strip. The ?exible strip may 
include at least one pass-through structure for routing light 
between layers. The pass-through structure, or optical via, 
may be used to cause the optical paths in the ?exible strip to 
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2 
cross over, enabling complex routing of optical signals 
between the optical circuit boards. The pass-through structure 
may comprise a complementary pair of re?ective angled sur 
faces, and the overall thickness of the strip is, preferably, 
between about 50 to about 1,000 um. 
The inventive ?exible strip may be mounted on a backplane 

substrate to couple a plurality of optical circuit boards remov 
ably retained and positioned on the backplane by a mounting 
structure, such as brackets. The backplane may also provide 
electrical traces for providing electrical interconnections 
between the circuit boards. 

In another aspect, the present invention comprises an opti 
cal backplane for communicating optical signals between a 
plurality of optical circuit boards and optically connect one or 
more optically active areas of the optical circuit boards. The 
optical backplane includes a substrate, mounting structures, 
such as brackets, for retaining the optical circuit boards, and 
a plurality of waveguides mounted on the substrate having 
waveguide ends adjacent to the optical circuit boards. The 
waveguides are preferably formed in a ?exible strip that 
includes a plurality of waveguide layers and a cladding layer 
separating adjoining ones of the plurality of waveguide lay 
ers. 

A further aspect of the present invention comprises a 
method of forming an optical backplane to optically connect 
an optical circuit board having an edge comprising two or 
more optically active areas. The method includes forming a 
?exible strip comprising at least two waveguide layers and 
having a plurality of waveguides formed therein, said 
waveguides having waveguide ends, mounting the ?exible 
strip on a substrate, and providing a mounting structure for 
retaining optical circuit boards on the backplane adjacent to 
said waveguide ends. 

In one embodiment, the ?exible strip is fabricated by form 
ing a sacri?cial layer on a temporary substrate, depositing a 
?rst cladding layer on the sacri?cial layer, depositing a ?rst 
core layer on said cladding layer, forming a ?rst core pattern 
from said core layer, depositing a second cladding layer over 
the ?rst core pattern and exposed portions of the ?rst clad 
ding, removing the sacri?cial layer and temporary substrate, 
depositing a second core layer and forming a second core 
pattern from said second core layer on the ?rst cladding layer 
opposite the ?rst core pattern, and depositing a third cladding 
layer on the formed second core pattern and exposed portions 
of the ?rst cladding. 

In another embodiment, the forming of the ?exible strip 
includes forming a bottom waveguide layer including a bot 
tom cladding layer, forming a top waveguide layer including 
a top cladding layer, and joining the top cladding layer to the 
bottom cladding layer. 
An object of the present invention is to provide an ?exible 

optical connector which may be used in an optical backplane, 
and a method of forming an optical backplane that are less 
expensive that prior art optical backplanes and methods of 
fabricating optical backplanes. 

Another object of the present invention to provide an opti 
cal backplane that is manufactured separately from either a 
support substrate or from circuit board brackets. 
A further object of the present invention to provide an 

optical backplane that allows for electrical and optical con 
nections along the same edge of an optical circuit board. 

Yet another aspect of the present invention to provide a 
waveguide structure that is attached to form an optical back 
plane at the ends of the waveguide. 

These features, together with the various ancillary provi 
sions and features which will become apparent to those 
skilled in the art from the following detailed description, are 
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attained by the ?exible optical backplane and method of the 
present invention, preferred embodiments thereof being 
shoWn With reference to the accompanying drawings, by Way 
of example only. 

BRIEF DESCRIPTION OF DRAWINGS 

The foregoing aspects and the attendant advantages of this 
invention Will become more readily apparent by reference to 
the folloWing detailed description When taken in conjunction 
With the accompanying draWings Wherein: 

FIGS. 1A and 1B depict exemplary optical circuit boards 
for use With the optical backplane of the present invention; 

FIG. 2 is a perspective vieW of an embodiment of an optical 
interconnect of the present invention used as an optical back 
plane, shoWing optical and electrical connections on a back 
plane; 

FIG. 3 is a cross-sectional of the optical backplane of FIG. 
2 along vieW lines 3-3; 

FIGS. 4A-4H illustrate a method for manufacturing an 
optical interconnect of the present invention; and 

FIGS. 5A-5G illustrate an alternative method for manufac 
turing an optical interconnect of the present invention. 

FIGS. 6A-6F illustrate another alternative embodiment for 
manufacturing an optical interconnect of the present inven 
tion. 

Reference symbols are used in the Figures to indicate cer 
tain components, aspects or features shoWn therein, With 
reference symbols common to more than one Figure indicat 
ing like components, aspects or features shoWn therein. 

DETAILED DESCRIPTION 

The present invention is directed to ?exible optical inter 
connect structures, and methods of manufacture, Which are 
for particularly suitable for connecting optical circuit boards 
on a common optical backplane. The transition from electri 
cal to optical interconnection of high speed electronic devices 
is inevitable With the increased operational frequencies of 
integrated circuits (“ICs”) and other circuit structures. Unlike 
electrical interconnect structures, optical interconnect struc 
tures are free of capacitive loading and do not suffer from 
cross-coupling betWeen channels. Optical interconnects are, 
therefore, much faster than electrical connection, and alloW 
reduced pitch betWeen adjacent signal channels. 

Exemplary optical circuit boards A, Which can be con 
nected to the optical backplane of the present invention, are 
shoWn in FIGS. 1A and 1B. FIG. 1A shoWs a ?rst exemplary 
optical circuit boardA Which includes several components C, 
such as IC “chips” that incorporate one or more optical, 
electronic and electro-optical components, such as semicon 
ductor lasers, such as Vertical Cavity Surface Emitting Lasers 
(VCSEL) and edge emitting lasers, photodiodes (PD), tradi 
tional electronic circuitry or other optical or electronic com 
ponents. In one aspect, the present invention is directed to 
backplane for accepting optical circuit boards, such as board 
A, to provide poWer to the board and to route electrical and 
optical signals betWeen such boards, and other components. 

Exemplary optical circuit boardA (alternatively referred to 
herein as “circuit boar ” or “board”) is layered, and includes 
one or more layers having conductive traces T for routing 
electronic signals and one or more layers having Waveguides 
W for routing optical signals. Some of traces T and 
Waveguides W are patterned to route signals betWeen com 
ponents C and others are patterned to terminate at an edge EA 
to alloW for electrical and optical connections to other boards 
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4 
or devices. As shoWn in FIG. 1A, traces T terminate Within a 
region E of edge EA, and Waveguides W terminate Within a 
region O of the edge. 

Exemplary optical circuit board A' of FIG. 1B is generally 
similar to optical circuit boardA of FIG. 1A, but contains only 
electrical Wiring. In FIG. 1B edge EA' comprises an edge 
mounted electro-optic device, such as an LED or a laser, that 
projects light L in the direction of region O, adjacent to the 
edge of the board. 
An exemplary embodiment of one aspect of the present 

invention is shoWn in FIGS. 2 and 3. FIG. 2 shoWs a backplane 
100 comprising a substrate 101 With an optical backplane 110 
and an electrical backplane 120 mounted or formed thereon. 
FIG. 3 is a cross-sectional vieW ofthe backplane 100 of FIG. 
2 along vieW lines 3-3. As shoWn in FIG. 3, in one embodi 
ment, optical backplane 110 may be positioned on substrate 
101 by alignment standoffs 304 and secured With adhesive 
306. Optical backplane 110 includes Waveguides 113, 115, 
and 117, and electrical backplane 120 includes electrical 
traces 127. Exemplary backplane 100 has one or more mount 
ing structures for retaining circuit boards in a position that 
alloWs for the exchange of electrical and optical signals 
betWeen the circuit boards and backplane 100. In FIG. 2, the 
mounting structure comprises tWo sets of bracket pairs 131a, 
1311) and 133a, 1331). Bracket pairs 131, 133 include electri 
cal connector brackets 131b, 1331) and optical connector 
brackets 131a, 1331). Preferably, the mounting structure per 
mits removal of the circuit boards Without damage to either 
the circuit boards or to the substrate. While the embodiment 
of FIG. 2 has brackets for receiving tWo circuit boards, those 
skilled in the art Will appreciate that the mounting structure 
can be constructed to retain more than tWo circuit boards on 
the backplane. LikeWise, While the exemplary mounting 
structure comprises bracket pairs, other structures may be 
used to position and removably retain circuit boards on the 
backplane. Moreover, the circuit boards and backplane may 
be con?gured so that only optical connections are made on the 
backplane. 

In the exemplary embodiment of FIGS. 2 and 3, one or 
more photonic devices, such as lasers or light emitting diodes 
LEDs for transmitting light or photodiodes PDs for receiving 
light are mounted on the edges of optical circuit boards A and 
B. Alternatively, the board edges may have Waveguide ends 
Which transmit light to or from semiconductor lasers, LEDs, 
PDs, or other photonic devices mounted on or formed Within 
the circuit boards. In either case, When the boards are 
mounted on the backplane, the photonic devices or the 
Waveguide ends are positioned adjacent to Waveguide ends on 
optical substrate 110 such that optical signals may be trans 
mitted therebetWeen. 

Electrical connector brackets 13119 and 1331) provide con 
tact betWeen electrical traces on the optical circuit boards and 
electrical traces 127 of electrical backplane 120. Suitable 
structures for providing electrical contact are Well knoWn and 
need not be described in detail. 
As noted, optical backplane 110 comprises a plurality of 

Waveguides that have ends adjacent to the optical circuit 
boards for making optical connections therebetWeen. Thus, 
for example, Waveguides 113, 115, and 117, each have one 
end near optical circuit board A and another end near optical 
circuit board B, to provide a plurality of optical paths for 
interconnecting the optical circuit boards. For simplicity, 
only three such optical paths are shoWn. Preferably, optical 
backplane 110 is ?exible, With the optical layers formed from 
optical polymers, and is attached to substrate 101. 
As an illustrative example of the three-dimensional routing 

of light through optical backplane 110, Waveguides 113, 115, 



5 
and 117, de?ning three light paths, are shown as having 
Waveguide ends 113A, 115A, and 117A, respectively, adja 
cent to an edge of optical circuit boardA, and Waveguide ends 
113B, 115B, and 117B, respectively, adjacent to an edge of 
optical circuit board B, to provide transmission of optical 
signals betWeen the optical circuit boards. For exemplary 
purposes, the direction of propagation of optical signals to 
and from optical circuit boardA are shoWn as raysA1,A2, and 
A3, and those to and from optical circuit board B are shoWn as 
rays B1, B2, and B3. Each Waveguide end preferably includes 
a lens for focusing the light entering or leaving the optical 
backplane. Thus, for example, in the embodiment shoWn in 
FIG. 3, a lens 302 is positioned at each Waveguide end, 113A, 
113B. The ends of the Waveguides in optical substrate 110 
serve as the input and output ports of the Waveguides. While 
lenses 302 are shoWn positioned at the Waveguide ends in 
FIG. 3, in other embodiments lens may be positioned any 
Where betWeen the Waveguide end and the light transmitter or 
receiver. 
As depicted in FIG. 3, the optical connector of the present 

invention contains a plurality of Waveguide layers such that 
the optical signals may cross Within the backplane. This 
alloWs complex signal routing betWeen any tWo points on 
optical circuit board A and optical circuit board B. 

Propagation of light through optical backplane 110 is illus 
trated in FIG. 2. A light signal is transmitted from optical 
circuit board A as ray A2 into Waveguide end or input port 
117A, Where it propagates along Waveguide 117 to 
Waveguide end 117B, and is received by optical circuit board 
B as ray B2. For simplicity the optical path of Waveguide 117 
folloWs a straight line. HoWever, as depicted in FIG. 3, optical 
path 117 alternately runs in tWo different Waveguide layers to 
enable other optical paths to cross it. As shoWn in FIG. 2, a 
second light signal is also transmitted from circuit boardA as 
ray A2 into Waveguide end 115A, Where it propagates along 
Waveguide 115 to Waveguide end 115B, and is received by 
optical circuit board B as ray B2, and a third light signal is 
transmitted from optical circuit board B as ray B1 into 
Waveguide end 113B, Where it propagates along Waveguide 
113 to Waveguide end 113A, and is received by optical circuit 
board A as ray A3. 

Thus, in FIGS. 2 and 3, optical paths or Waveguides 113, 
115, and 117 include various straight sections in multiple 
Waveguide layers in the optical backplane 110, pass-through 
structures that direct light from one layer to another, and 
turning elements that direct light to and from the input and 
output ports at the ends of their respective paths. In this 
manner, the optical paths may cross over or under each other, 
and light can be directed into and out of the backplane in a 
direction Which is perpendicular to the backplane. 

FIG. 3 shoWs exemplary optical backplane 110 having a 
top Waveguide layer 301, comprising patterned core material 
307a and cladding layer 309a, and a bottom Waveguide layer 
305 comprising patterned core material 3071) and cladding 
layer 309b, separated by a middle cladding layer 303. 
Although tWo Waveguide layers are shoWn for simplicity, 
more than tWo Waveguide layers may be included in the 
?exible connector of the present invention. TWo Waveguide 
layers is the minimum needed to alloW light paths to cross 
according to the present invention, and should be suf?cient 
for most applications. 

In the illustrated embodiment light passing in the longitu 
dinal direction in optical backplane 110, i.e., in the direction 
betWeen the Waveguide ends, generally travels through bot 
tom Waveguide layer 305, except at the places Where it is 
necessary to cross another optical path, and light passing in 
the optical backplane transverse to the longitudinal directions 
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6 
is generally travels through upper Waveguide layer 301. 
Waveguide layers 301 and 305 each includes a Waveguide 
core 307, a Waveguide cladding 309, and angled sections 311. 
Angled sections 311 are preferably angled 450 relative to the 
optical backplane and have a metallic or other suitable coat 
ing to provide good light re?ectance. 
As an example, the optical path through Waveguide 115 is 

as folloWs. Light from LED of optical circuit board A is 
focused by lens 302 on Waveguide end 115A into the surface 
of optical backplane 110 and into Waveguide end portion 313. 
A combination of straight and angled sections 311 route light 
along the Waveguide in optical backplane 110. As necessary 
to cross another light path, light in one Waveguide layer is 
redirected to the another Waveguide layer. Thus, in FIG. 3, 
light is redirected from the bottom Waveguide layer 305 by 
pass-through 315 through cladding layer 303 and redirected 
by another angled section 311 into the top Waveguide layer 
301. Preferably the pass-throughs are formed from the 
Waveguide core material. After traveling the length of 
Waveguide 115, the light is emitted into lens 302 on 
Waveguide end 115B and focused onto PD of optical circuit 
board B. Waveguides 113 and 117 are formed in the same 
manner as Waveguide 115. In one embodiment, the 
Waveguides provide for routing signals in the direction 
betWeen the optical circuit boards in one layer, and light in an 
orthogonal directions in another level. 

While FIG. 3 depicts the use of angled surfaces to redirect 
light Within the optical backplane of the present invention, in 
an alternative embodiment, the light is redirected by curved 
Waveguides. Curved Waveguides are used in the same general 
con?guration as the lateral 45o mirrors shoWn in FIG. 2 for 
redirecting the light by 90°, or any other selected angle. 
Instead of abruptly turning the light by using an angled, 
re?ective surface, the Waveguide can be continuously curved 
to point perpendicular to the original propagation direction. 
More generally, by using a desired curvature, the propagation 
direction of light in the Waveguide can be redirected by any 
angle relative to the original propagation direction. Those 
skilled in the art Will appreciate that there is a limit to the 
radius of curvature of a curved Waveguide Which is a function 
of the indices of refraction of the core and cladding materials 
at the operating light Wavelength. Thus, the radius of the 
Waveguide curvature depends on the Waveguide refractive 
indexes, Waveguide dimensions, light Wavelength etc. A pref 
erable Waveguide radius of curvature is from 1 to 10 mm. 
HoWever it can be smaller and larger depending on the above 
parameters. 
A sequence of steps associated With one method of manu 

facturing a ?exible optical connector of the present invention 
is illustrated in FIGS. 4A-4H. FIG. 4A shoWs a sacri?cial 
layer 403, a ?rst cladding layer 303, and a bottom Waveguide 
core material 405 sequentially deposited on a temporary sub 
strate 401. Temporary substrate 401 may be any suitable 
substrate material, such as silicon, ceramic, glass, or plastic. 
The Waveguide structures, speci?cally the cores, claddings 

and pass-throughs (Which may also be referred to as “optical 
vias”), are preferably formed from ?exible optical materials 
having su?icient strength to alloW for the manufacturing pro 
cesses described subsequently. Preferred Waveguide core and 
cladding materials include optical polymers such as optical 
polyimides (OPI), optical epoxy resins, and other optical 
polymers. Appropriate optical polymers are Well-known in 
the art, and need not be described in detail. Optical polymers 
in general and OPI ?lms in speci?c canbe used to form highly 
transparent Waveguides that are directly or indirectly pat 
terned using Well-known photolitho graphic techniques. Opti 
cal polymers are preferred because they are ?exible, rela 
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tively rugged, inexpensive and generally easy to Work With. 
Generally, optical polymers are deposited by applying a uni 
formly thick liquid layer and then hardening it by curing, such 
as by the application of heat or UV radiation. The techniques 
for depositing and curing optical polymeric layers are Well 
knoWn and need not be described in detail. 

First cladding layer 303 is preferably about 5 to about 50 
pm thick. Core material 405 has a refractive index suitably 
higher than that of the cladding and is preferably about 5 to 
about 100 pm thick. Sacri?cial layer 403 may be any suitable 
material, such as a metal, such as copper or tungsten, or an 
oxide, such as silicon dioxide, that can facilitate the separa 
tion of substrate 401 from the resulting Waveguide structure. 

FIG. 4B shoWs the formation of a ?rst patterned core struc 
ture 410 from bottom Waveguide core material 405 by pho 
tolithography of the core layer and etching to de?ne the 
shapes of the optical Waveguide. As previously described, the 
Waveguide may have a planar surface 407 and angled sections 
311. Angled sections 311 can be formed, for example, by 
laser ablation, gray scale masking, dicing using an angled 
blade, and may be coated With a very thin re?ective ?lm, such 
as gold, silver or aluminum, to form re?ective surfaces, pref 
erably at an angle of 45°. Any suitable metal deposition 
technique, such as sputtering, evaporation, MOCVD or the 
like, may be used to form the re?ective coatings. 
As shoWn in FIG. 4C, the next step is the deposition of 

second cladding 309 on ?rst core pattern 410. It Will be 
observed that in the exposed areas, i.e., those areas Where the 
core material 405 has been removed, the second cladding 309 
is deposited directly on the ?rst cladding 303 . As depicted, the 
upper surface of second cladding layer 309 is preferably 
planar such that the combination of second cladding layer 3 09 
and core pattern 410 is substantially uniformly thick. 

Next, as shoWn in FIG. 4D, second cladding 309 and core 
410, Which make up ?rst Waveguide layer 305, and ?rst clad 
ding layer 303 are separated from substrate 301. Separation is 
facilitated by sacri?cial layer 403, Which may be selected to 
alloW chemical etching or easy peeling. 
As shoWn in FIG. 4E, after the substrate and sacri?cial 

layers have been removed, the remaining structure is ?ipped 
over and an opening 408 is formed in cladding layer 303 to 
alloW fabrication of an optical pass-through betWeen 
Waveguide layers. Thereafter, a second Waveguide core mate 
rial 409 is deposited over cladding layer 303 and opening 408. 
Waveguide core material is preferably from about 5 to about 
100 um thick. 

FIG. 4F shoWs the formation of a second patterned core 
420 from top Waveguide core material 409. In the example 
depicted in FIGS. 4F-4H, the second patterned core has a ?rst 
section Which runs parallel to the cross-sectional plane and a 
second section Which runs perpendicular to the cross-sec 
tional plane. These structure may be fabricated in the same 
manner previously described in connection With FIG. 4B, 
e.g., using photolithography, etc. 
As shoWn in FIG. 4G, top Waveguide layer 301 is then 

formed by the deposition of cladding 3 09 on second patterned 
core 420, and a ?exible support 415 is added to bottom 
Waveguide layer 305. Flexible support 415 may be formed of 
any suitable material, such as a ?exible KAPTON® ?lm or 
any other non-optical polyimide ?lm having suitable proper 
ties, such as durability, strength, loW cost, etc. Flexible sup 
port 415 may be groWn or deposited onto the Waveguide 
structure, or may be separately formed and attached using an 
adhesive layer. 

Lastly, as shoWn in FIG. 4H, the Waveguide structures may 
be diced and polished, if necessary, to form optical backplane 
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110. Preferably, the overall thickness of the ?exible connector 
of the present invention is from 50 to 2,000 pm. 
An alternative method of manufacturing a ?exible connec 

tor suitable for use in optical backplane 110 is noW described. 
First a bottom Waveguide layer 3 05 and cladding layer 303 are 
formed as illustrated and as discussed in reference to FIGS. 
4A-4D. Next, a similar process is used to separately form the 
top Waveguide layer. Speci?cally, as shoWn in FIG. 5A, sac 
ri?cial layer 403, cladding layer 303, and top Waveguide core 
material 405 are sequentially deposited on a substrate 401, 
and the core material is patterned. 

FIGS. 5B-5D, Which are similar to the steps of FIGS. 
4E-4F depict the steps used to form a top Waveguide layer 301 
on a cladding layer 303. As shoWn in FIG. 5E, the bottom 
Waveguide layer 305 of FIG. 4D and top Waveguide layer 301 
of FIG. 5D are aligned With facing cladding layers 303 and 
joined together. Any suitable means for joining the tWo layers 
may be used, for example, an adhesive 501 may be applied 
betWeen cladding layers 303 to ?x the positions of the aligned 
top Waveguide layer 301 and bottom Waveguide layer 305. 

Thereafter, as shoWn in FIG. 5G, the resulting structure 
may diced and polished, if necessary, and a ?exible support 
415 is added to bottom Waveguide layer 305 to form optical 
backplane 110. 

FIGS. 6A- 6F illustrate yet another process for manufactur 
ing the ?exible optical interconnect of the present invention. 
FIG. 6A shoWs a substrate 601 of any suitable material. In one 
embodiment, substrate 601 is a ?exible polyimide ?lm. 
Depending on the design and use of the optical interconnect, 
it may be desirable to use a temporary substrate, as in the 
previously described embodiments, in Which case an optional 
sacri?cial layer (not shoWn in FIG. 6) may be formedbetWeen 
substrate 601 and loWer or ?rst cladding layer 603 . A “Wedge” 
layer 605 is then deposited on loWer cladding layer 603 and 
patterned, as described above, to create structures 605a hav 
ing a plurality of angled surfaces as shoW in FIG. 6B. Prefer 
ably, the angled surfaces are formed in pairs (one such pair is 
shoWn in FIGS. 6B-6F) With the members of each pair being 
in an opposing relationship. The angled surfaces are prefer 
ably coated With a re?ective material, as previously described 
and are preferably at an angle of 450 to the plane de?ned by 
substrate 601. 
As shoWn in FIG. 6C a ?rst core layer 610 is then deposited 

over the patterned Wedge layer 605. Core layer 610 is prefer 
ably an optical polymer having good planariZation properties. 
The “tops” of “Wedge” structures 60511 are, preferably, kept as 
small as practical to facilitate planariZation of ?rst core layer 
610. As depicted in FIG. 6D, a ?rst patterned core layer 61011 
is formed Within the area de?ned by Wedge structures 605a.A 
second cladding layer 615 is formed over the entire structure 
and planariZed. A second core layer is then formed over top 
cladding 615, and is patterned to form second core structure 
620 and a vertical optical via 625, as shoWn in FIG. 6E. 
Second core structure 620 includes complementary angled 
surfaces, as depicted, having a re?ective ?lm deposited 
thereon. An upper or third cladding layer 630 is then depos 
ited over the upper surface of the resulting structure, and is 
planariZed to provide a ?at surface leaving the upper end of 
vertical optical via 625 exposed, as shoWn in FIG. 6F. Addi 
tional layers may be added using any of the techniques 
described herein, or multiple structures of the kind depicted in 
FIG. 6F may be joined together. LikeWise, substrate 601 may 
be removed and a different or additional ?exible backing 
material may be added. 

In operation, as Will be appreciated by those skilled in the 
art, the angled surfaces of the ?rst and second core layers 
redirect light betWeen the layer, thereby enabling complex 
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routing of light signals through the ?exible optical intercon 
nect. Speci?cally, this arrangement alloWs light paths to cross 
over each other, so that light can be directed through the 
optical interconnect in tWo directions. Preferably, light in one 
layer travels in one direction in an arbitrary x-y plane de?ned 
by the substrate, While light in the second layer travels in the 
orthogonal direction. 
Many alternative embodiments are Within the scope of the 

present invention, including, for example, optical backplane 
Waveguides may have ends near only one of the connectors to 
provide optical communication off of the optical backplane, 
and Waveguides that include beam splitters to alloW an optical 
signal to communicate With more than one received optical 
circuit board. 

We claim: 
1. An optical backplane adapted to accept a plurality of 

optical circuit boards and optically connect one or more opti 
cally active areas of said optical circuit boards, comprising: 

a substrate; 
a mounting structure for retaining and positioning the 

optical circuit boards on said substrate; 
an optical interconnect structure having a plurality of 

Waveguides formed in a plurality of Waveguide layers, 
each Waveguide having a pair of Waveguide ends 
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de?ning a light path therebetWeen for communicating 
light signals betWeen said optical circuit boards; and 

at least one of the Waveguides comprising a continuous 
Waveguide core disposed in and passing betWeen tWo or 
more of the Waveguide layers; and 
Wherein the continuous Waveguide core comprises at 

least one pass-through for redirecting light betWeen 
Waveguide layers, Wherein said pass-through com 
prises a complementary pair of angled re?ective sur 
faces. 

2. The optical backplane of claim 1, Wherein at least tWo of 
said Waveguide paths cross. 

3. The optical backplane of claim 2, Wherein said optical 
interconnect structure comprises a ?exible strip mounted on 
said substrate. 

4. The optical backplane of claim 3, Wherein said ?exible 
strip comprises a plurality of Waveguide layers and said at 
least one pass-through redirects light traveling in one of said 
Waveguide layers to another of said Waveguide layers. 

5. The optical backplane of claim 3, Wherein said ?exible 
strip has a thickness of from about 50 to about 1000 um. 

6. The optical backplane of claim 1, Wherein said mounting 
structure comprises a plurality of bracket pairs. 

* * * * * 


